Objective: To comprehensively evaluate the performance of the Assessment of Quality of Life (AQoL) instrument for measuring Health-Related Quality of Life (HRQoL) in people with hip and knee joint disease (arthritis or osteoarthritis).
Significance and Innovations
• Although the AQoL instrument has been used to assess patient outcomes and treatment effectiveness in several studies involving people with hip and knee joint disease, its psychometric properties have not been fully evaluated in this setting
• Overall, the AQoL items worked well as a unidimensional measure of HRQoL and only 1 of the 12 items (relating to hearing) demonstrated misfit with the Rasch model
Introduction
Osteoarthritis (OA) affects over 8% of the Australian population (1) , with the hip and knee joints commonly involved. As in many countries, OA is the most common reason for hip and knee replacement surgery in Australia (2) and a growing concern in terms of disability, lost productivity and health care costs. In Australia, over $AUD 1 billion is spent by the government annually on OA-related treatment including primary care, specialist medical services, medications and joint replacement surgery (3) . Reliable measurement of health outcomes in OA is of increasing importance for funding providers, health professionals and patients. In particular, assessment of the efficacy and cost-effectiveness of interventions for hip and knee OA is used to support advocacy, program planning and service provision.
An important patient-centred health outcome is Health-Related Quality of Life (HRQoL) (4) . While there is no single definition, this construct is often used to describe the personal impact of an illness and any related treatment (5) . Adopting a broader approach, the World Health Organization (WHO) describes quality of life as "an individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns (6)".
HRQoL instruments capture the impact of health status on life, including physical, emotional and social health domains. Although disease-specific measures play an important role, an advantage of generic HRQoL measures is that they permit comparisons between different chronic diseases and patient populations.
The Assessment of Quality of Life (AQoL) scale was developed to provide a simple, comprehensive measure of HRQoL for evaluating health care interventions (7) . Its development was based on the WHO's concepts of health and quality of life, review of other measures, and consultation with stakeholders including patients and health professionals. The AQoL is a multi-attribute measure which encompasses several key concepts including independent living, social relationships, physical senses and psychological wellbeing (8) . As a generic measure which is easy to administer, it has potential applications in research and clinical settings and its utility properties enable health economic evaluation.
Based on its use in rheumatology research, the AQoL was selected for inclusion in a recent review of adult measures of general health and HRQoL (9) . Although psychometric evaluations of the AQoL have been undertaken in several patient populations (10) (11) (12) (13) (14) , only one study (15) has utilised item response theory (IRT), in the form of the Rasch measurement model, with the primary aim of constructing a shortened version of the AQoL (AQoL-8). However, as this study (15) used data from the original validation study, information about how well the AQoL works in external populations (beyond those used to develop the instrument) is not available. The Rasch measurement model (16) allows an objective assessment of scale attributes that are implicit in measurement, including unidimensionality of the item set, assessment of the ordering of response categories, and assessment of possible measurement bias (17) . This makes the Rasch model a useful adjunct to traditional measurement approaches. Given the ongoing use of the AQoL in rheumatology research, the purpose of this study was to apply the Rasch model to evaluate the measurement properties of the AQoL instrument in hip and knee joint disease (arthritis or OA).
Materials and Methods

Study design
This study was a secondary analysis of data collected in a population-based survey.
Participants and procedure
Data from 237 individuals with hip arthritis, hip OA, knee arthritis and/or knee OA were available for analysis from a national study of hip and knee joint disease. The sample selection and recruitment procedures have been reported previously (18) . Briefly, sampling of people aged ≥39 years from all 8
Australian states and territories was undertaken using an extract from the federal electoral roll obtained from the Australian Electoral Commission. As electoral enrolment and voting is compulsory for Australians aged ≥18 years, the electoral roll provides comprehensive coverage of the Australian adult population. The selected sample was mailed an introductory letter, plain language statement and study questionnaire. Return of a completed questionnaire was deemed to constitute consent, as approved by
The University of Melbourne Human Research Ethics Committee. The participants included in the present study had responded affirmatively to at least one of the following screening questions:
• "have you ever been told by a doctor or other health professional that you have hip arthritis?";
• "have you ever been told by a doctor or other health professional that you have hip osteoarthritis?";
• "have you ever been told by a doctor or other health professional that you have knee arthritis?"; and
• "have you ever been told by a doctor or other health professional that you have knee osteoarthritis?"
Study questionnaire
In addition to screening for doctor-diagnosed hip and knee joint disease, the study questionnaire was used to collect demographic and HRQoL data. The Western Ontario and McMaster Universities Osteoarthritis (WOMAC) Index, a disease-specific measure of health status (19) , was used to classify hip and knee joint disease severity. It contains 24 items covering pain, stiffness and physical function.
Total WOMAC scores were transformed to a 0 (best health) to 100 (worst health) scale. Similar to methods reported previously (20) , a WOMAC score <7 was considered to be asymptomatic joint disease, 7-38 was considered mild-moderate disease and ≥39 was considered severe joint disease.
HRQoL was assessed using the 12 item AQoL-4D instrument. Three additional illness items do not contribute to utility score calculation and were not administered. Item response options range from 1 (indicating best HRQoL state) to 4 (indicating worst HRQoL state) (8) . Utility scores range from -0.04 (worst possible HRQoL) to 1.00 (full HRQoL). Negative AQoL utility scores indicate a health state worse than death (21) . The AQoL has demonstrated good psychometric properties (9) and has been validated for self-administration (22) . It has been used in several arthritis studies (9) and is comparable to the WOMAC Index and Short Form-36 for detecting HRQoL differences in OA populations (13) . Australian normative data are available (23) .
Statistical analysis
Descriptive analysis of demographic data was performed using IBM SPSS Statistics 20 (IBM, Armonk, NY). Rasch analysis was conducted using Winsteps® Rasch measurement software (Winsteps.com, Although the Rasch model was originally developed for use with dichotomous items (16) , extensions of the model to polytomous (multi-category) items have since been proposed. In this study, we applied a partial credit model (25) to analyse the AQoL's measurement properties. This model was selected as it allows the locations of item thresholds to differ across items and is appropriate when each item is scored using a different response scale. Additionally, we performed a likelihood ratio test comparing a partial credit model (chi-square = 3465.65, df=2385, p<0.001) with a rating scale model (26) (chi-square = 3759.48, df=2405, p<0.001), which constrains threshold locations to be the same across all items. This test was significant (chi-square = 293.83, df=20, p<0.001), indicating that a partial credit model was more appropriate for this study.
Overall fit between the data and the Rasch model is traditionally evaluated using the chi-square goodness of fit test (27) ; this tests the null hypothesis that the model has perfect fit with the Rasch model in the population. However, given its sensitivity to sample size, the chi-square test is often statistically significant. To overcome this, Kline (28) proposed a normed chi-square statistic, which divides the chisquare value by the degrees of freedom. For good model fit, the normed chi-square should be <2.5 (29) . Differential item functioning is a form of measurement bias which occurs when population subgroups with comparable HRQoL utility scores differ in their pattern of responses to an item (30) . In this study, DIF was assessed across subgroups based on age (≤65 years vs ≥65 years), sex, education (high school or less vs further education), residential location (metropolitan vs provincial/rural), country of birth (Australia vs other), primary language (English vs other) and previous hip or knee surgery (surgery vs no surgery). The criteria used to evaluate DIF in this study are summarised in Figure 1 .
Targeting refers to the ability of the AQoL items to adequately represent the full continuum of ability levels of the sample, providing an assessment of the extent of construct coverage. Targeting was assessed by examining the distribution of AQoL item difficulties versus person abilities, and comparing the means and standard deviations (SD) of these distributions. The Rasch model converts person abilities and item difficulties into logits, placing items and persons onto a common measurement scale.
The mean location of items is always fixed at 0 and when the distribution of item difficulties presents a good match for the distribution of person abilities, the latter also has a mean of 0. A scale's ability to discriminate between levels of a construct (such as HRQoL) is maximised when there is a good match between person abilities and item difficulties. The criteria used to assess the targeting ability of the AQoL are summarised in Figure 1 .
Finally, the Rasch model assumes that all items in a scale measure a single concept (unidimensionality).
Unidimensionality was examined using the procedure described by Smith (32) . Principal components analysis of the residuals (PCAR) was conducted to identify potential subsets of items within the scale.
For each participant, ability estimates derived from each subset were then compared using independent t-tests. The assumption of unidimensionality is supported when <5% of participants differ significantly on these tests. Related to unidimensionality is the assumption of local response independence, which assumes that the response to one item is independent from the response to other items. Correlations of ≥0.3 between item residuals indicate response dependency, potentially violating the unidimensionality of a scale (24) . The criteria used to evaluate unidimensionality are summarised in Figure 1 .
Results
Participants
The demographic characteristics of the sample are presented in Table 1 . The median (interquartile range) age was 66 (56-74) years and 62% of participants (n=147) were female. Sixteen per cent (n=39) had hip arthritis or hip OA, 60% (n=142) had knee arthritis or knee OA, and 23% (n=54) reported arthritis or OA affecting the hip and knee joints. Based on participants' WOMAC scores, 16% (n=37) were classified as having asymptomatic joint disease, 51% (n=120) as mild to moderate, and 27% (n=64) had severe joint disease. Severity could not be classified for 16 participants (7%) due to missing WOMAC responses.
AQoL scores
AQoL utility scores for the sample ranged from -0.04 to 1.00. The mean (SD) AQoL score for the sample The proportion of missing scores for each item was low, ranging from 2% for items 2 (difficulty with household tasks) and 6 (relationships with family) to 5% for item 12 (pain or discomfort). Table 2 ). The Person Separation Index was 4.79, indicating that the AQoL items could distinguish between at least four levels of HRQoL (27) . Only one item showed evidence of misfit with the Rasch model. Item 8 (hearing) had higher than expected values on 3 of the 4 item fit indices ( (Figures S1 and S2 ).
Fit with the Rasch model
Threshold ordering
The higher response category options on the AQoL items are intended to represent worse HRQoL (7).
However, the distribution of item threshold locations revealed evidence of threshold disordering for 2 items (Figure 2 ). Category reversal was seen for item 9, where the difficulty of the third response option ('I am only understood by people who know me well…') was greater than the difficulty of the fourth response option category ('I cannot adequately communicate with others') (item difficulties 0.00 and -0.42, respectively). However, the fourth response option category was only reported by 1 individual.
Additionally, the third and fourth response option categories for item 4 (relating to relationships) had an equivalent level of difficulty, with threshold locations of -0.56 and -0.57. This may reflect their conceptual similarity ('My relationships are seldom close and warm', compared with 'I have no close and warm relationships').
Differential item functioning
Evidence of DIF was found for several AQoL items. Significant age-related bias was identified for item 2 (difficulty with household tasks) by the Mantel-Haenszel test (Bonferroni-corrected alpha = 0.004) and the DIF contrast test (≥0.50 logits). Older individuals reported higher scores (indicating a lower HRQoL state) for this item, compared with younger individuals with similar HRQoL scores (DIF contrast = -0.89, p <0.001). The DIF contrast test also indicated that older people had higher scores on item 3 (difficulty getting around the home and community; DIF contrast = -0.63, p=0.058) and item 8 (hearing; DIF contrast = -0.67, p=0.007), but lower scores on item 11 (anxiety, worry and depression; DIF contrast = 0.55, p=0.014).
Both tests identified sex-related bias for item 2 (household tasks; DIF contrast = -1.08, p <0.001), item 8 (hearing; DIF contrast = 0.87, p = 0.002) and item 9 (communication with others; DIF contrast = 0.96, p = 0.002). Females reported higher scores (indicating a lower HRQoL state) for item 2 but lower scores for items 8 and 9. The DIF contrast test also showed that females scored higher on item 11 (anxiety, worry and depression; DIF contrast = -0.52, p=0.028) but scored lower on item 7 (sight; DIF contrast = 0.62, p=0.038) than males with comparable utility scores.
No significant DIF was detected for any AQoL items according to residential location. However, the DIF contrast test identified a number of items that displayed measurement bias according to country of birth (item 12, pain and discomfort), primary language (item 2, household tasks; item 3, difficulty getting around the community; item 4, quality of relationships; item 5, relationships with other people; item 10, sleep; item 12, pain and discomfort), education (item 7, sight) and previous hip or knee surgery (item 9, communication with others).
Targeting
The ability of the AQoL items to target the full continuum of HRQoL in the sample was fair (Figure 3 ).
Item difficulties ranged from -1.70 to 1.21 and person abilities ranged from -5.77 to 1.72. The mean for person abilities (-2.15, SD=0.66) was well below the mean of item difficulties (0.00, SD=0.67), indicating that participants' HRQoL was generally better than that represented by the items. In addition, the fourth response category (indicating the worst HRQoL state) was not endorsed by any participants for items 3 (difficulty getting around community) and 7 (sight), further indicating that these items represented worse HRQoL than experienced by the sample.
Unidimensionality
Although a residual correlation of 0.37 between items 1 and 2 was identified (relating to self-care and activities of daily living, respectively), further analyses supported unidimensionality of the AQoL. PCAR identified two potential sub-dimensions within the AQoL: the first sub-dimension contained items 1, 2, 3,
Discussion
This study has provided detailed information on the performance of the AQoL instrument for evaluating HRQoL in people with hip and knee joint disease. The AQoL has previously been found to be an effective tool for assessing HRQoL among people with joint disease (12, 13) and our analyses support its use in this setting. However, we identified several pertinent issues which should be considered when selecting an appropriate HRQoL measure for research or clinical purposes.
This research represents the first evaluation of the 12-item AQoL instrument using Rasch analysis in a population external to that used for its original development. Overall, the AQoL items worked well as a single, unidimensional measure of HRQoL and our analyses revealed reasonable fit with the Rasch model, supporting internal validity. This is consistent with the findings of the Rasch analysis for the From a pragmatic standpoint, the AQoL offers several benefits which support its use in research and clinical settings (37) . The instrument and scoring algorithm are freely available and the AQoL can be used to generate descriptive HRQoL data and evaluate cost-effectiveness. Participant burden is minimal, as evidenced by the low proportion of missing data across the 12 items. However, our findings have several implications for use of the AQoL in these settings. There was some evidence of ceiling effects, meaning that participants tended to choose the best HRQoL state. This indicates that while there is potential for detecting HRQoL deterioration, the instrument may not detect improvement among samples selected from the general population because many people score highly. This would not be a concern for studies involving patients with lower baseline HRQoL; for example, those awaiting joint replacement surgery, where the AQoL was found to be efficient in detecting post-operative improvement (12) . We also found evidence of measurement bias according to particular personal characteristics (for example, age and sex), indicating the instrument would not be appropriate for comparing HRQoL between demographic subgroups. However, there may be valid explanations for why subgroups responded differently to individual items. For example, psychological distress is more prevalent among females in the population (1), and among females with arthritis, compared to males with arthritis (38) .
This may have contributed to the DIF observed for item 11. Similarly, age-related differences in item 3 scores (relating to difficulty getting around the home and community) would also be expected.
Perhaps the most important consideration is that the AQoL offers limited response categories for describing pain severity. Item 12 ("How much pain or discomfort do you experience?") only offers the response options "none at all", "I have moderate pain", "I suffer from severe pain", and "I suffer from unbearable pain." There are no options for classifying mild or intermittent pain, which may explain why this item demonstrated the greatest missing responses. Several participants annotated this item with additional information to describe their pain, such as "sometimes it comes and goes", "occasionally", "small amount", and "mild". This is particularly relevant as pain of variable intensity and frequency is common among this patient group, with the potential for significant HRQoL impact.
While longer versions of the AQoL (e.g., AQoL-8D) contain items for reporting the frequency of serious pain and interference with activities, there are no options for reporting less than moderate pain (39). Additionally, as the AQoL is neither disease-specific nor joint-specific, pain assessment is not limited to the hip or knee. Finally, we found some evidence of threshold disordering for 2 items, meaning these items did not offer a progressive sequence of worsening HRQoL states. If similar findings are observed in other settings then revision of these item response scales may be warranted.
A key strength was our use of a population-based sample which should improve generalisability. The study utilised a relatively large sample (samples of ≥100 are recommended for Rasch analysis (24)) of people with a range of joint disease severity who reported the full spectrum of HRQoL scores. We acknowledge that our evaluation is limited to hip and knee joint disease and that model stability over time could not be evaluated as only cross-sectional data were available.
In conclusion, the AQoL is a competent tool for assessing HRQoL in people with hip and knee joint disease. Our analyses demonstrated good overall fit with the Rasch model across a range of tests, supporting internal validity. Only 1 item showed evidence of misfit and most items showed logical sequencing of response option categories. Issues for researchers and clinicians to consider include limited options for reporting pain, some evidence of measurement bias between demographic subgroups, and ceiling effects which could impact on the ability to detect HRQoL improvement in population-based studies.
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